Abstract. The present study was performed to investigate the prognostic value of coronary computed tomography angiography (CTA) results for asymptomatic patients with coronary artery disease (CAD) in type 2 diabetes mellitus (T2DM). A total of 164 asymptomatic patients with T2DM were enrolled at Weifang Traditional Chinese Hospital (Weifang, China). Coronary plaques and stenosis severity were evaluated after CTA. Structures >1 mm 2 adjacent to or within the coronary artery lumen that could be clearly separated from the vessel lumen, was scored as a coronary plaque. Stenosis of ≥50% was considered as being obstructive. CAD was defined as the presence of any coronary plaque or a coronary artery calcium (CAC) score of >0. A CAC score of 0 and no coronary plaques was considered to indicate the absence of CAD. A 5-year follow-up was performed to determine the impact of the CTA findings and various clinicopathological characteristics on the prognosis of all participants. The primary end-point was any cardiac event. Event-free survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. Based on the coronary CTA results, the patients were classified into 3 groups according to the extent of stenosis: Normal coronary arteries, obstructive CAD and non-obstructive CAD. Significant differences in 5-year event-free survival were identified among the groups with normal coronary arteries, non-obstructive CAD and obstructive CAD (P=0.026). Further analysis indicated that the event-free survival rate of patients with 1-vessel CAD was 94.11%, that of patients with 2-vessel CAD was 73.68% and that associated with 3-vessel CAD was 61.54%. Multivariate Cox regression analysis revealed that non-obstructive as well as obstructive CAD diagnosed by coronary CTA are prognostic indicators for asymptomatic T2DM patients [hazard ratio (HR)=11.132, 95% confidence interval (CI): 1.857-66.742, P=0.008; HR=7.792, 95% CI: 1.750-34.698, P=0.007, respectively]. In conclusion, the present study suggests that coronary CTA may predict the prognosis of asymptomatic patients with T2DM.
Introduction
The prevalence of diabetes mellitus (DM) has been rapidly increasing due to an aging population, urbanization, physical inactivity and obesity (1) . An estimated 200 million individuals are affected by DM worldwide (2) . Coronary artery disease (CAD) is the major cause of death in patients with DM. Affected patients are frequently asymptomatic regarding CAD until the development of myocardial infarction or sudden cardiac death (3) . CAD is usually significantly more advanced in patients with DM at the time-point of diagnosis (4, 5) . Its asymptomatic presentation and aggressiveness have made CAD the most common cause of death in patients with DM (6) .
Non-invasive imaging methods for the detection of CAD have evolved rapidly over the past decades. With the advance of multidetector row computed tomography (CT), coronary CT angiography (CTA) has been effective in providing information on the extent and morphology of CAD, including disease severity, lesion location and characteristics of atherosclerotic plaques (7) . It has been extensively validated that the combination of CTA with coronary calcium scoring is sensitive and specific in detecting CAD (8) . Since CAD is frequently asymptomatic in patients with DM, coronary CTA may be applied to decrease cardiovascular morbidity and mortality through the early detection of CAD in DM patients at risk. CAD-associated CTA findings in patients with asymptomatic DM were reported to be associated with a higher risk of cardiac events (9) (10) (11) .
Previous studies have investigated the association between DM and the risk of CAD among diabetic patients undergoing coronary CTA (12 
Materials and methods

Subjects.
A total of 164 Chinese T2DM patients that were asymptomatic regarding CAD and underwent coronary CTA at the Weifang Traditional Chinese Hospital (Weifang, China) between January 2011 and March 2012 were enrolled in the present study. T2DM was confirmed according to the criteria of the American Diabetes Association (13) . Glycated hemoglobin (HbA1c) levels of ≥6.5%, fasting blood glucose levels of ≥126 mg/dl and/or a post-challenge blood glucose level of ≥200 mg/dl (2 h after a 75-g oral glucose load). The asymptomatic status of the subjects was evaluated using the Rose questionnaire for angina (14) . Patients without CAD were defined as asymptomatic. A structured interview was performed by a physician prior to the study to record the demographic and clinical data. Hypertension was defined as a systolic blood pressure of ≥140 mmHg and/or a diastolic blood pressure of ≥90 mmHg, or the use of anti-hypertensive medication (15) . Dyslipidemia was defined as ongoing treatment with lipid-lowering medications at the time of examination, or known but untreated dyslipidemia. The exclusion criteria were as follows: i) T1 diabetes; ii) known or suspected CAD; iii) abnormal resting electrocardiographic results; iv) history of prior myocardial infarction, coronary revascularization or heart failure; v) history of allergy to iodinated contrast. The present study was approved by the Review Board of Weifang Traditional Chinese Hospital (Weifang, China) and written informed consent was provided by all patients.
Coronary CTA. Scans were analyzed by two experienced radiologists. All examinations were performed using the Sensation 64 Slice CT scanner (Siemens AG, Munich, Germany). The coronary artery calcium (CAC) score was calculated using the Agatston method (16). Coronary CTA was performed using the electrocardiogram-gated protocol: Detector collimation 64 (32x2) x 0.6 mm, 80-120 kV assessed according to the patient's body habitus, 240-400 mA/rotation according to the patient's body habitus, rotation time of 0.33 sec, radiation dose of 8-13 mSv, pitch value of 0.2-0.5 according to the patient's heart rate. Next, 55-80 ml iodine (400 mg/ml; Iomeron; Bracco Imaging SpA, Milan, Italy) was injected at 4-6 ml/sec.
Coronary arteries were divided into 18 segments following the Society of Cardiovascular Computed Tomography guidelines (14) . Each segment was examined for coronary plaques. Structures of >1 mm 2 adjacent to or within the coronary artery lumen that could be clearly separated from the vessel lumen, was scored as a coronary plaque (17) . Each coronary segment was scored individually for the presence of plaque and stenosis was visually quantified. The severity of stenosis was categorized as follows: <25, 25-49, 50-69, 70-99 and 100%. A stenosis of ≥50% was considered obstructive. CAD was defined as the presence of any coronary plaques or a CAC score of >0. A CAC score of 0 and no coronary plaques signified the absence of CAD.
End-points and follow-up. Medical treatments, including the administration of anti-hypertensive agents, statins and anti-diabetic agents, were continued during the acquisition of the data for the present study. The primary end-point was time to occurrence of any cardiac event. A cardiac event was defined as a composite of non-fatal myocardial infarction, unstable angina that required hospitalization, cardiac death and late coronary revascularization.
A 5-year follow-up was performed by a research nurse or dedicated physician. Any clinical events were determined by a phone and/or face-to-face interview with the patients, and/or based on their medical records.
Statistical analysis. Continuous variables are expressed as the mean ± standard deviation. The differences in continuous variables among normal, non-obstructive and obstructive CAD groups were compared using one-way analysis of variance. A post-hoc test (Tukey's test) was performed to identify differences between two groups. Differences in categorical variables were assessed using the χ 2 test. Event-free survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. Univariate and multivariate Cox regression analyses were performed to identify risk factors associated with cardiac events, including age, sex, duration of DM, body mass index, systolic and diastolic blood pressure, hypertension, smoking, family history of CAD, dyslipidemia, previous stroke, previous peripheral arterial disease, fasting blood glucose, HbA1c, creatinine, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides and anti-DM treatment. Hazard ratios (HR) with 95% confidence intervals (CIs) were calculated to determine the prognostic factors for asymptomatic T2DM. P<0.05 (α=0.05) was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA).
Results
Demographic characteristics of subjects. Following coronary CTA, the patients were classified into three groups, according to the stenosis diameter: Normal coronary artery group, obstructive CAD group (≥50% stenosis) and non-obstructive CAD group (<50% stenosis). The detailed demographic information for all patients is listed in Table I . Significant differences were observed in age, sex, duration of DM, family history of CAD, previous stroke, total cholesterol, LDL cholesterol and triglycerides among the three groups (all P<0.05). The mean age of patients in the normal, non-obstructive and obstructive CAD groups was (56.80±5.43), (58.64±3.22) and (60.61±2.72), respectively, and significant differences were observed in the age of patients among the three groups (P<0.001). The amount of males was 21 (38.89%), 42 (68.85%) and 31 (63.26%) in the normal, non-obstructive and obstructive CAD groups, respectively, and significant differences were observed in the number of males among the three groups (P= 0.003). The results also revealed significant differences in DM duration (P<0.001), hypertension (P=0.041), family history of CAD (P=0.021), previous stroke (P<0.001), total cholesterol (P<0.001), LDL cholesterol (P<0.001) and triglyceride (P<0.001) among the normal, non-obstructive, and obstructive CAD groups. The Significant differences between non-obstructive and obstructive groups. Continuous variables are expressed as the mean ± standard deviation and numeric data are expressed as n (%). CAD, coronary artery disease; DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
coronary CTA findings for all participants are presented in Table II .
Kaplan-Meier survival curves.
During the 5-year follow-up, 20 cardiac events were recorded in the present study population (3 in the normal coronary artery, 6 in the non-obstructive CAD and 11 in the obstructive CAD group). The Kaplan-Meier curves indicated significant differences in the event-free survival among the groups (P=0.026; Fig. 1 ).
The patients with obstructive CAD comprised 17 patients with 1-vessel CAD, 19 with 2-vessel CAD and 13 with 3-vessel CAD. The survival rate of patients with 1-, 2-and 3-vessel CAD was analyzed (Fig. 2) . The event-free survival rate of patients with 1-vessel CAD was 94.11%, that of patients with 2-vessel CAD was 73.68% and that of patients with 3-vessel CAD was 61.54%. The results indicated that the prognosis of patients with 1-vessel CAD was better compared with that of patients with 2-and 3-vessel CAD (P=0.003). 
Multivariate Cox analysis.
Discussion
T2DM, a chronic metabolic disease, is a major health concern, as it affects >382 million individuals worldwide (18) . CAD is the major cause of death among patients with T2DM (19, 20) . Population-based studies have reported a 2-to 4-fold frequency in the number of cardiovascular events experienced by patients with T2DM (21, 22) . The diagnosis of CAD is commonly missed or delayed, since the symptoms of CAD are usually absent in patients with T2DM, which in turn enhances the risk for cardiovascular events.
Invasive coronary angiography (ICA) is considered the gold standard for detecting the presence, localization and severity of CAD. However, it is an invasive method associated with complications. Furthermore, the procedural cost is substantial. Coronary CTA is a recently introduced alternative to ICA for the detection of CAD, and 64-slice multidetector CT has been found highly effective in the diagnosis of significant coronary stenosis (23). Liu et al (24) performed a CTA study in 150 T2DM patients with a follow-up of ≥2 years and the results suggested that CTA may be used as a non-invasive modality for predicting high-risk CAD in patients with T2DM. A cross-sectional study by Ulimoen et al (25) indicated that coronary CTA had a high sensitivity (100%) and a negative predictive value (100%) for detecting CAD, suggesting that it is a reliable method for detecting significant CAD in T2DM and may prove useful to clinicians. However, few studies have investigated the prognostic role of CTA in Chinese T2DM patients that are asymptomatic regarding CAD.
CTA provides detailed information on the morphology and extent of CAD. The advantage of CTA is that it may be used to exclude CTA in patients with a low-to-intermediate cardiovascular risk, which is broadly endorsed by international societies (26) . Due to improvements in CTA technology, the radiation dose per patient has been decreased to acceptable levels. Sub-millisievert (mSv) scans with the latest generation scanners use effectives dose of <1.0 mSv without compromising the imaging quality (27) . The Coronary Artery Evaluation Using 64-Row Multidetector CTA study identified a significant correlation between CTA and ICA when testing the extent and severity of CAD (28); this resulted in the extensive clinical application of CTA. Fujimoto et al (29) reported that the evaluation of CTA plaque characteristics may provide an incremental prognostic value to the number of diseased vessels and the Framingham risk score (FRS). This evidence suggests a predictive role of CTA for CAD. Blanke et al (30) reported that among patients with DM, non-obstructive and obstructive CAD, as determined by coronary CTA, were associated with higher rates of all-cause mortality and major adverse cardiovascular events at 5 years.
In the present study, 164 patients with asymptomatic T2DM were enrolled, and CTA was performed to detect coronary stenosis in all of them. The patients were classified into three groups, based on the coronary CTA results: Normal coronary artery group, obstructive CAD group (≥50% stenosis) and non-obstructive CAD group (<50% stenosis). Values are expressed as the median (interquartile range), n (%) or the mean ± standard deviation. CAC, coronary artery calcium; CAD, coronary artery disease. Significant differences in age, sex, duration of DM, family history of CAD, previous stroke, total cholesterol, LDL cholesterol and triglycerides were observed among the three groups (all P<0.05). After a 5-year follow-up, 20 events were observed in the study population (3 for normal coronary artery, 6 for the non-obstructive CAD and 11 for the obstructive CAD group). The Kaplan-Meier curve indicated that the event-free survival of subjects in the normal coronary artery group was the highest among all participants (P=0.026). This result was consistent with the study by Kang et al (31) , which revealed that asymptomatic patients with T2DM and normal coronary arteries, non-obstructive CAD or coronary CTA exhibit excellent clinical outcomes over a follow-up period of >5 years, whereas prognosis is worse in patients with obstructive CAD (30) . Further Cox analysis demonstrated that non-obstructive and obstructive CAD may serve as prognostic indicators for T2DM patients that are asymptomatic. In addition, it was revealed that the event-free survival rate in patients with 1-vessel CAD was 94.11%, that in patients with 2-vessel CAD was 73.68% and that associated with 3-vessel CAD was 61.54%, indicating that the prognosis of patients with 1-vessel CAD was better compared with that of patients with 2-and 3-vessel CAD (P=0.003).
The results of the present study demonstrated that coronary CTA testing may predict the prognosis of asymptomatic T2DM patients. However, the present study had limitation: the sample size was relatively small. Large-scale studies should be performed in the future to confirm these results. Furthermore, only Chinese patients examined at one hospital were enrolled in the present study, and multiple-center studies are required to validate the present results.
In conclusion, the results of coronary CTA may serve as prognostic indicators for asymptomatic T2DM patients. The event-free survival of patients with normal coronary arteries was markedly higher compared with that of patients with non-obstructive and obstructive CAD. Furthermore, the prognosis of patients with 1-vessel CAD is better compared with that of patients with 2-and 3-vessel CAD.
